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Description 

BACKGROUND ART 

5 [0001] The present invention relates to a high hardness martensitic stainless steel with good pitting corrosion resist- 
ance suitable for use as materials of products which require both good corrosion resistance, particularly pitting corrosion 
resistance, and high hardness, such as nails, bolts, screws edged tools, springs and so on which are used in the open 
air and may be possibly exposed to tap water, rainwater, condensed dew or the like, including molds for plastic molding, 
parts of plastic injection molding machines, etc. 

10 [0002] Heretofore, carbon steel containing a relatively large content of carbon or low-alloy steel have seen wide- 
spread use as materials of nails, bolts, screws edged tools, springs and so on which require high hardness. But because 
the content of alloy elements which contribute to corrosion resistance, such as Cr, are small in those types of steel, 
the steel tends to easily corrode even when exposed to tap water, rainwater, condensed dew or the like that are relatively 
less corrosive. The problems of marring an appearance and deteriorating the strength have been thus encountered. 

15 [0003] On the other hand, stainless steel is employed for applications in which corrosion resistance is required. 
Austenitic stainless steel represented by SUS304 or SUS316, for example, has good corrosion resistance, but shows 
large work hardening and poor cold workability and also exhibits hardness of about 43 HRC at maximum even when 
subjected to considerably heavy cold working. Therefore, austenitic stainless steel is not suitable for applications in 
which high hardness is required. Further, ferritic stainless steel represented by SUS430, for example, has small work 

20 hardening and is relatively easy to perform cold working, but exhibits very low hardness. Accordingly, ferritic stainless 
steel is also not suitable for applications in which high hardness is required. 

[0004] Meanwhile, martensitic stainless steel is known as stainless steel having high hardness. However, even 
SUS410 which is a typical material having achieved extensive use in the fields of automobiles and other industries is 
not satisfactory in points of corrosion resistance and hardness because the corrosion resistance does not meet a 

25 sufficient level and the hardness is about 42 HRC at most. There is SUS440C as martensitic stainless steel having 
very high hardness. This steel has a C content as high as about 1 % and hence shows high hardness not less than 
58 HRC, but its corrosion resistance is not satisfactory as stainless steel. Further, stainless steel is relatively highly 
resistant against corrosion in general, but may locally corrode in the form of small pits, i.e., cause so-called pitting 
corrosion, in spite of less corrosion as a whole. This has raised the problem that the steel is apt to cause fracture in 

30 high hardness materials starting from the corroded pits. 

[0005] In addition, Japanese Patent Laid-Open No. 57-70265 proposes a high hardness martensitic stainless steel, 
and Japanese Patent Laid-Open No. 6-264194 proposes a martensitic stainless steel with good corrosion resistance 
and a drilling tapping screw. 

[0006] The martensitic stainless steel disclosed in Japanese Patent Laid-Open No. 57-70265 contains 1.0 to 3.0 % 
35 Cu and not more than 0.2 % Ni with 0.5 to 3.0 % Mo added, if necessary. However, this steel has had the problem of 
not surely meeting a satisfactory degree of hot workability because the Cu content is large although the amount of Ni 
added is small. Depending on combinations of the composition, delta ferrite is apt to be formed and, in this case, there 
is caused the problem of deteriorating pitting corrosion resistance. 

[0007] Further, the martensitic stainless steel proposed in Japanese Patent Laid-Open No. 6-2641 94 does not con- 
40 tain Cu, but a relatively large content of Ni and Mo. But this steel has the problem that hardness after annealing is not 

sufficiently lowered in a case of a single time of annealing treatment because of the high content of Ni. Therefore, the 

annealing treatment is required to be repeated several times, which makes the process more complicated. Moreover, 

the hardness even after several repeated steps of annealing treatment is not always as low as satisfiable, which makes 

it difficult to perform heavy cold forming. 
45 [0008] In view of the above, there has been recently a demand for a martensitic stainless steel which can be readily 

subjected to hot working and cold forming, and exhibits both good pitting corrosion resistance and high hardness after 

quenching and tempering. 

[0009] US-A-4 450 006 discloses a martensitic stainless steel, which is essentially consisting of 0.15 to 0.50 % of 
C, 0.01 to 0.50 % of Si, 0.30 to 2.0 % of Mn, 1.0 to 3.0 % of Cu, up to 0.20 % of Ni, 13.0 to 17.0 % of Cr and 0.02 to 
so o.10 % of N, and the balance being Fe and inevitable impurities. 

DISCLOSURE OF THE INVENTION 

[0010] An object of the present invention is to provide an inexpensive martensitic stainless steel which has good hot 
55 workability, can be subjected to cold forming with no need of complicated annealing treatment, and exhibits both good 
pitting corrosion resistance and high hardness after quenching and tempering. 

[0011] This object is met by a stainless steel according to claim 1. Preferred embodiments are disclosed in the 
dependent claims. 
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[0012] The inventors have made intensive studies on a martensitic stainless steel containing 1 3 % Cr with a view of 
achieving good hot workability, good cold formability, and both high hardness and good pitting corrosion resistance. 
As a result, the following facts have been found after quenching and tempering. To increase pitting corrosion resistance, 
adding Cu in a small amount is very effective while Mo and N are added as essential elements. Addition of Mo causes 
5 delta ferrite to easily generate and reduces pitting corrosion resistance and hot workability. It is therefore required to 
add Ni in a small amount and N in a large amount for suppressing the generation of adverse delta ferrite. Another 
feature of the present invention is to make alloy elements properly balanced such that a value A, representing the Cr 
equivalent, defined by Equation (1) below is held low to suppress the generation of delta ferrite, and a value B defined 
by Equation (2) below is kept high to increase pitting corrosion resistance: 

10 

A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W 

- 2Cu - 30N + 1 1 V + 1 0Ti + 5Nb (1 ) 

15 

(where the value A is calculated by setting those ones of selective elements which are not added to be zero) 

B = Cr + 3.3Mo + 1 .65W + Cu + 30N (2) 

20 

(where the value B is calculated by setting those ones of selective elements which are not added to be zero) 
[0013] Of the above afloy elements, addition of Cu is effective in improving not only pitting corrosion resistance but 
also cold workability. From this point of view, it is desired to contain Cu as much as possible. But if the Cu content is 
too large, there would arise a problem of deteriorating hot workability. 
25 [0014] Still another feature of the present invention is to, in a 1 3%Cr high hardness martensitic stainless steel con- 
taining elements which tend to deteriorate hot workability, such as Mo and N, add both Ni and Cu in respective particular 
ranges while meeting the relationship of Ni/Cu > 0.2 for a content ratio of Ni to Cu, so that satisfactory hot workability 
can also be achieved in addition to good pitting corrosion resistance and cold workability. 

[0015] Still another feature of the present invention is to add N in a large amount while maintaining the C content in 
30 a relatively low appropriate range in order to achieve high hardness without reducing the pitting corrosion resistance. 
[0016] In addition the above specified compositions may further contain in total not more than 0.10 % at least one 
selected from the group consisting of B, Mg, Ca and Al, if necessary, as well as not more than 5 % Co for the purpose 
of increasing the strength after quenching and tempering. 

[001 7] In the stainless steel of the present invention having any one of the above compositions, preferably, hardness 
35 after quenching and tempering is not less than 50 HRC, and a pitting electric potential V c ' 100 in degassed 3.5 % salt 
water at 30 °C is not less than 150 mV (vs S.C.E.). These characteristics can be achieved with any of the above-stated 
novel compositions according to the present invention. 

[001 8] On the other hand, the stainless steel of the present invention is also featured in that hardness can be reduced 
down to a sufficiently low level by relatively simple annealing of a single time. Generally, when carrying out, in particular, 

40 cold forming such as cold drawing, cold rolling, cold forging, thread rolling and cold bending, hardness after annealing 
is required to be not more than 250 HV. Conventional similar steel has had a difficulty in reducing hardness after 
annealing down to be not more than 300 H V, preferably not more than 250 HV, unless the annealing step is repeated 
several times, and has required complicated heat treatment. In the steel of the present invention, hardness after an- 
nealing can be reduced down to be not more than 300 HV by performing a single time of annealing at 700 to 890 °C. 

45 Particularly, when an upper limit of Ni is not more than 1.0 %, hardness after annealing can be reduced down to be 
not more than 250 HV 

THE BEST MODE FOR CARRYING OUT THE INVENTION 

50 [0019] The functions of various elements contained in the stainless steel of the present invention will be described 
below. 

[0020] C is essential to obtain the martensite structure after quenching of a 13%Cr stainless steel. Also, C combines 
with carbide-forming elements to form carbides, and a part thereof is in a solid-solution state in martensite matrix to 
effectively increase hardness. But if C is added in excess of 0.40 %, a carbide of Cr would be formed in a too large 
55 amount and the Cr content in the matrix would be so reduced as to deteriorate corrosion resistance. On the other hand, 
if the C content is not more than 0.15 %, not only a sufficient degree of hardness would not be obtained, but also pitting 
corrosion resistance and hot workability would be reduced due to generation of delta ferrite. Therefore, the C content 
is set to be more than 0.1 5 % but not more than 0.40 %. A preferable range of C is 0.20 to 0.35 %. 
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[0021] Si and Mn are added in a small amount for deoxidization. Even if Si and Mn are added in excess of 2.0 %, 
the effect of further improving deoxidization would not be found. Therefore, the content of each of these elements is 
set to be not more than 2.0 %. Further, because Si is an element which tends to generate ferrite and Mn is an element 
which tends to generate the austenite structure, the matrix structure is affected more or less even with a small amount 
5 of these elements. For that reason, Si and Mn are each preferably kept not more than 1.0 %. 

[0022] Ni is an element which serves to suppress the generation of delta ferrite to improve pitting corrosion resistance 
and is particularly effective in preventing a reduction in hot workability from occurring due to addition of Cu described 
later. Therefore, Ni is required to be added depending on the content of Cu added. 

[0023] In the 1 3%Cr high hardness martensitic stainless steel of the present invention containing, in addition to Cu, 
10 other elements which tend to deteriorate hot workability, such as Mo and N, it is particularly required to not only restrict 
a value of Ni/Cu to be more than 0.2, preferably not less than 0.3, but also limit the Ni content from the reason below. 
If Ni is less than 0.1 %, the sufficient effect can not be obtained. But if Ni is added in excess of 1.5 %, the martensitic 
transformation point is lowered, making it hard to produce the perfect martensite structure after quenching, and hard- 
ness after annealing is increased, thereby deteriorating cold workability. Therefore, the Ni content is set to be 0.1 to 
15 1 .5 %. A preferable range of Ni is more than 0.2 % but not less than 1 .0 %, and a more preferable range of Ni is 0.3 
to 0.75 %. 

[0024] Cr is an important element which has an effect of increasing corrosion resistance, particularly, pitting corrosion 
resistance, by forming a passive surface film. If Cr is less than 11 .0 %, a sufficient degree of corrosion resistance can 
not be obtained. But if Cr is added in excess of 15.0 %, delta ferrite is generated, thereby deteriorating pitting corrosion 
20 resistance and hot workability. Therefore, the Cr content is set to be not less than 11.0 % but less than 15.0 %. A 
preferable range of Cr is 13.0 to 14.0 %. 

[0025] Mo is added in the steel of the present invention as an essential element because it is very effective in sta- 
bilizing a passive surface film and hence increasing pitting corrosion resistance. As with Mo, W is also effective in 
increasing pitting corrosion resistance, but a resultant effect is small when W is added alone. It is preferred that when 

25 w is added, a part of Mo is replaced by an equivalent amount of W (1/2 W corresponding to an equivalent amount of 
Mo). If Mo alone or both Mo and W are less than 1 .0 % in terms of Mo + 1/2 W, pitting corrosion resistance is deteriorated. 
But if Mo or Mo and W are added in excess of 3.0 %, delta ferrite is generated, thereby deteriorating pitting corrosion 
resistance on the contrary and hot workability as well. Therefore, the content of Mo or Mo and W is set to be 1 .0 to 3.0 
%. A preferable range is 1 .5 to 2.5 %. 

30 [0026] Cu is an element which is very effective in greatly increasing pitting corrosion resistance when added in a 
small amount in the steel containing Cr, Mo and N. If Cu is less than 0.1 %, a sufficient effect can not be obtained. But 
if Cu is added in excess, not only hot workability is deteriorated, but also a sufficient degree of hardness can not be 
obtained after quenching. Therefore, the Cu content is set to be 0.1 to 1.0. A preferable range of Cu is 0.2 to 0.8 %. 
[0027] Incidentally, even if the Cu content is not more than 2.0 %, there still exists a range where hot workability is 

35 not sufficient. As stated above in connection with the reason of limiting Ni, therefore, it is required to limit Cu such that 
the relationship between Ni and Cu meets Ni/Cu > 0.2, preferably not less than 0.3. 

[0028] N is an element which is in a solid-solution state in martensite matrix to increase hardness after quenching, 
and is also very effective in increasing pitting corrosion resistance. Further, since N has an effect of suppressing the 
generation of delta ferrite, adding N in place of Ni is effective in saving an expensive alloy element such as Ni and 
40 producing a steel material inexpensively, while suppressing the generation of delta ferrite. If N is less than 0.02 %, a 
sufficient effect can not be obtained. But if N is added in excess of 0.15 %, soundness of a steel ingot is impaired and 
manufacturability is deteriorated. Therefore, the N content is set to be 0.02 to 0.15 %. A preferable range of N is 0.05 
to 0.15%. 

[0029] V, Ti and Nb are elements which are not necessarily added, but are effective in forming primary carbides and 
45 making pre-austenite grain size smaller to thereby improve hardness and ductility. Therefore, one or two or more of V, 
Ti and Nb are added as required. If one or two or more of V, Ti and Nb are added in excess of 0.25 % in total, coarse 
primary carbides are formed and cold workability is deteriorated. Thus, the content of one or two or more of V, TI and 
Nb is preferably set to be not more than 0.25 % in total. 

[0030] B, Mg, Ca and Al are elements which are not necessarily added, but are effective in forming oxides and 
50 sulfides and reducing S, O segregated in the pre-austenite grain boundary, to thereby improve hot workability. There- 
fore, one or two or more of B, Mg, Ca and Al are added as required. Even if one or two or more of B, Mg, Ca and Al 
are added in excess of 0.10 % in total, a resultant effect can not be further increased, but cleanness would be lowered 
on the contrary, thereby deteriorating hot and cold workability. Thus, the content of one or two or more of B, Mg, Ca 
and Al is preferably set to be not more than 0.10 % in total. 
55 [0031] To achieve good pitting corrosion resistance, the above-mentioned alloy elements are required to not only 
meet the respective ranges of their contents, but also meet Equations specified for the steel of the present invention. 
The value A expressed by Equation (1 ) represents the Cr equivalent in the steel of the present invention, and the 
magnitude of the value A is an important index affecting whether or not delta ferrite is apt to form. The value A is given 
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by subtracting values calculated by multiplying weight % of C, Mn, Ni, Cu and N, which are elements tending to form 
austenite, by coefficients which are experimentally determined depending on the effects of those elements, respectively, 
from values calculated by multiplying weight % of Cr, Si, Mo, W, V, Ti and Nb, which are elements tending to form 
ferrite, by coefficients which are experimentally determined depending on the effects of those elements, respectively. 

5 As a result of experiments, it has been found in the steel of the present invention that if the value A exceeds 10, delta 
ferrite is formed, pitting corrosion resistance is greatly deteriorated, and further hot workability and hardness after 
quenching are reduced. Therefore, the value A expressed by Equation (1) is set to be not more than 10. 
[0032] The value B expressed by Equation (2) is an important index affecting pitting corrosion resistance of the steel 
of the present invention, and is given by the sum of values calculated by multiplying weight % of Cr, Mo, W, Cu and N, 

10 which are elements directly contributing to an improvement in pitting corrosion resistance, by coefficients which are 
experimentally determined depending on contributions of the effects of those elements, respectively. In the steel of the 
present invention, if the value B is less than 20, good pitting corrosion resistance can not be obtained. Therefore, the 
value B expressed by Equation (2) is set to be not less than 20. 

[0033] In addition to the elements mentioned above, not more than 5 % by weight Co may be added to the steel of 
is the present invention. 

[0034] Co is in a solid-solution state in the matrix to increase hardness after quenching and tempering. However, Co 
is not required to be added in a large amount because it is an expensive element. 

[0035] For P and S as impurity elements, no problems occur if these elements are present at a mixed level that is 
inevitable in the ordinary melting process and, therefore, no particular limitations are imposed upon P and S. From the 

20 standpoint of pitting corrosion resistance, the contents of these elements are preferably as low as possible. 

[0036] Reasons of restricting characteristic values of the steel of the present invention will be described below. 
[0037] By carrying out quenching and tempering in an appropriate manner, the steel of the present invention can 
provide higher hardness than a cold working material of SUS304 and a quenched and tempered material of SUS410. 
Particularly, when steel is used for nails, screws bolts, edged tools, springs and so on, the steel is required to have 

25 hardness not less than 50 HRC for causing these products to fully develop their own abilities. The steel of the present 
invention can have hardness not less than 50 HRC by quenching it at temperature not lower than about 1000°C and 
then performing low-temperature tempering not higher than about 300°C or high-temperature tempering at about 400 
to 500° C. Incidentally, in a case where serious attention is taken on delay fracture resistance in screws, nails, bolts, 
etc., it is also possible to reduce hardness by selecting a proper tempering temperature. 

30 [0038] Further, by carrying out quenching and tempering in an appropriate manner, the steel of the present invention 
can provide good pitting corrosion resistance while maintaining high hardness. A pitting electric potential is one of 
known indices representing a degree of pitting corrosion resistance. In order that steel shows good pitting corrosion 
resistance even when used for members, parts, tools and so on which are used in the open air and may be possibly 
exposed to tap water, rainwater, condensed dew or the like, the steel is required to have a pitting electric potential 

35 V c ' 100 not less than 150 mV (vs S.C.E.) in degassed 3.5 % salt water at 30 °C. The steel of the present invention can 
have V c ' 100 not less than 150 mV (vs S.C.E.) by quenching it at temperature not lower than about 1000 °C and then 
performing low-temperature tempering not higher than about 300 °C. Here, the term "pitting" means one form of cor- 
rosion that small pits are caused like dispersed dots on the steel surface and that is often observed in stainless steel. 
The occurrence of pitting not only impairs an appearance, but also may lead to fracture starting from the corroded pits. 

40 [0039] The pitting electric potential is measured in accordance with the measurement method specified in J IS G0577 
as a process for electrochemical corrosion evaluation and test. In other words, the pitting electric potential is determined 
as a potential V c ' 1O0 resulted when current density becomes 100 uA/cm 2 . 

[0040] The above-stated characteristic values can be provided in a suitable combination depending on uses by 
appropriately selecting the manufacture method for the steel of the present invention, particularly the conditions of heat 

45 treatment. By way of example, for nails, screws bolts, edged tools, springs and so on which are subjected to heat 
treatment after cold forming, it is possible to provide the steel with required low hardness after annealing not more than 
250 HV and required high hardness after quenching and tempering not less than 50 HRC, and if there is a fear of pitting 
corrosion , it is possible for the steel to have a high pitting electric potential not less than 150 mV (vs S.C.E.). 
[0041] For screws, bolts, edges tools and so on which are formed by machining without cold forming, a combination 

50 of high hardness after quenching and tempering and a high pitting electric potential can be achieved by performing 
low-temperature tempering. Further, when the steel is used for tools such as molds, only high hardness after quenching 
and tempering is required depending on applications. Also, when the steel is used for tools which may be exposed to 
high temperature not less than about 300 °C, only high hardness after quenching and tempering is required. In those 
cases, only high hardness after quenching and tempering can be achieved by performing high-temperature tempering 

55 at about 400 to 500 °C, for example. 
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[0042] The present invention will be described below in connection with Examples. Steels having chemical compo- 
sitions listed in Tables 1 and 2 were melted by vacuum melting and a 10 kg ingot was obtained for each steel. In the 
5 Tables, steels Nos. 1 to 14, 18 and 20 to 38 each have the composition, the value A, the value B, and the Ni/Cu ratio 
all of which falls within the ranges limited according to the present invention, i.e., represent the inventive steel, whereas 
steels Nos. 40 to 52 are comparative steels in each of which one or more of the composition, the value A, the value B 
and the Ni/Cu ratio are out of the ranges limited according to the present invention. 

[0043] Each ingot was formed into a 30 mm square bar by hot working , which was heated to 860°C and then subjected 
10 to annealing under furnace cooling. Thereafter, the bar was heated to 1050°C, was kept at that temperature for 30 

minutes, and then subjected to quenching by oil cooling. Subsequently, tempering was carried out at 180 °C for 1 hour. 

[0044] Hardness after annealing was measured by a Vickers hardness tester, and hardness after quenching and 

tempering was measured by a Rockwell hardness tester. For pitting corrosion resistance, the measurement was made 

in degassed 3.5 % salt water at 30°C in accordance with JIS G0577 and the potential v c * 100 resulted when current 
15 density becomes 100 uA/cm 2 was determined as a pitting electric potential. Hot workability was evaluated by giving a 

mark x for the steel which caused cracks in the surface or corners during hot working, and a mark O for the steel which 

caused no cracks. Results of the evaluation are listed in Table 3. 
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Table 3 



5 


Alloy No. 


Hardness after 
quenching and 
temDerina fHRC^ 


Pitting Electric 

Potential V c * 100 
( mV vs S C E ) 


Hardness after 
annealing (HV) 


Hot workability 


Remarks 




1 


55 2 


237 3 


223 




OLCCl 171 11 It? 

invention 


10 


2 


55.0. 


240.6 


221 


O 


H 


3 


54.9 


238.2 


219 


O 


n 




4 


54.1 


235.6 


232 


o 


n 
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54.8 


233.4 


222 
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15 
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56.3 
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55.8 
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215 
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35 
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Table 3 (continued) 



Alloy No. 


Hardness after 
quenching and 
tempering (HRC) 


Pitting Electric 
Potential V c * 100 
(mV vs S.C.E.) 


Hardness after 
annealing (HV) 


Hot workability 


Remarks 


36 
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r\ a —w 

247 
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fi 


37 
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244 .1 
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n 


38 


55.2 
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A /% 

40 
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Comparative steel 


A A 
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it 
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30 [0045] As will be seen from Table 3, each of the inventive steels Nos. 1 to 38 has high hardness after quenching and 
tempering not less than 50 HRC and also has a high pitting electric potential V c ' 100 not less than 150 mV (vs S.C.E.). 
This means that the inventive steels each have both good pitting corrosion resistance and high hardness. It will be 
also seen that, except for the steels Nos. 18 and 19, the inventive steels Nos. 1 to 38 have hardness after annealing 
not more than 250 HV and hence can be sufficiently formed by cold working. Although the steels Nos. 18 and 19 contain 

35 Ni in an amount near an upper limit of the allowable range and have relatively high hardness after annealing, the 
hardness after annealing is not more than 300 HV and light cold working can be performed. Accordingly, in the case 
of not requiring cold working with a large cold reduction, the steels Nos. 18 and 19 are also satisfactorily usable as 
with the other inventive steels because of showing good pitting corrosion resistance and high hardness after quenching 
and tempering. 

40 [0046] Further, each of the inventive steels Nos. 1 to 38 has so good hot workability that desired materials can be 
satisfactorily manufactured through a hot working process such as hot forging and hot rolling. 
[0047] On the contrary, for the comparative steels Nos. 40 to 52 in each of which one or more of the composition, 
the value A, the value B and the Ni/Cu ratio are out of the ranges limited according to the present invention, it will be 
seen that one or more of characteristics, i.e., hardness after quenching and tempering, pitting corrosion resistance, 

45 hardness after annealing, and hot workability, are inferior to the inventive steel. 

[0048] Particularly, for the comparative steels Nos. 40 to 45, 47 and 48 in which one or both of the values A and B 
are deviated from the limited ranges, the pitting electric potential has a low value and pitting corrosion resistance is 
not sufficient. Also, for the comparative steels Nos. 43, 47 and 49 in which the Ni/Cu ratio is low, and for the comparative 
steels Nos. 49 and 50 in which the Cu content is high, hot workability is poor and hence manufacturability of materials 

50 is poor. Further, for the comparative steels Nos. 46, 51 and 52 in which the Ni content is high, hardness after annealing 
is higher than 300 HV and cold workability is poor, resulting in reduced workability of materials, parts, members and 
so on. 



INDUSTRIAL APPLICABILITY 

55 

[0049] As described above, the martensitic stainless steel of the present invention has good hot workability, low 
hardness after annealing, good pitting corrosion resistance and high hardness after quenching and tempering. It is 
also possible to provide the steel of the present invention with those four characteristics in a suitable combination. 
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Therefore, when the inventive steel is used for parts, members, tools and so on which are used in the open air and 
may be possibly exposed to tap water, rainwater, condensed dew or the like, reliability and service life can be greatly 
improved while keeping the cost relatively low. As a result, the present invention provides a remarkable effect from the 
industrial point of view. 



10 



15 



20 



25 



30 



Claims 

1. A high hardness martensitic stainless steel having good pitting corrosion resistance and consisting, by weight, of: 



c 


more than 0.15 % but not more than 0.40 % 


Si 


not more than 2.0 % 


Mn 


not more than 2.0 % 


Cr 


not less than 11.0 % but less than 15.0 % 


Mo or Mo and W in terms of Mo + 1/2 W 


1.0 to 3.0% 


N 


0.02 to 0.15% 


Ni 


0.1 to 1.5% 


Cu 


not less than 0.1 but less than 1 .0 % 


a first optional element selected from V, Ti and Nb 


not more than 0.25 % in total 


a second optional element selected from B, Mg, Ca and Al 


not more than 0.10 % in total 


Co as a third optional element 


not more than 5 % 


Fe and incidental impurities 


balance 



wherein 

Ni and Cu meet a relationship expressed by the equation 



Ni/Cu > 0.2, 



35 



a value A defined by the equation 



A = -40 C + 6 Si - 2 Mn - 4 Ni + Cr + 4 Mo + 2 W - 2 Cu - 30 N + 1 1 V + 1 0 Ti + 5 Nb 



40 



(the value A being calculated by setting those selective elements which are not added to be zero) is not more than 
10, and 

a value B defined by equation 



45 



B = Cr + 3.3 Mo + 1.65 W + Cu + 30 N 



50 



55 



(the value B being calculated by setting those selective elements which are not added to be zero) is not less than 20. 

2. The steel of claim 1 , wherein the Ni content is more than 0.2 % but not more than 1 .0 %. 

3. The steel of claim 1 , wherein the C content is in the range of 0.20 to 0.35 %, and the Ni content is in the range of 
0.3 to 0.75 %. 

4. The steel of any preceding claim, wherein the hardness after quenching and tempering is not less than 50 HRC. 

5. The steel of any preceding claim, wherein the pitting electric potential V c ' 100 in degassed 3.5 % salt water at 30° 
C is not less than 150 mV (vs S.C.E.). 
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6. The steel of any preceding claim, wherein the hardness after one step of annealing at 700 to 890 °C is not more 
than 250 HV. 



Patentanspruche 

1 . Martensitischer rostfreier Stahl mit guter Bestandigkeit gegen Lochfrafckorrosion und hoher Harte, bestehend aus, 
bezogen auf das Gewicht: 



c 


mehr als 0.15 % aber nicht mehr als 0.40 % 


Si 


nicht mehr als 2.0 % 


Mn 


nicht mehr als 2.0 % 


Cr 


nicht weniger als 11 .0 % aber weniger als 15.0 % 


Mo oder Mo und W in Form von Mo + 1/2 W 


1.0 bis 3.0% 


N 


0.02 bis 0.15% 


Ni 


0.1 bis 1.5% 


Cu 


nicht weniger als 0.1 aber weniger als 1 .0 % 


ein aus V, Ti und Nb ausgewahltes erstes wahlweises Element 


nicht mehr als insgesamt 0.25 % 


ein aus B, Mg, Ca und Al ausgewahltes zweites wahlweises 
Element 


nicht mehr als insgesamt 0.10 % 


Co als drittes wahlweises Element 


nicht mehr als 5 % 


Fe und zufallige Verunreinigungen 


Rest 



10 



15 



20 



25 



30 



wobei 



Ni und Cu die durch die Gleichung 



Ni/Cu > 0.2 



35 



ausgedruckte Bedingung erfullen, 
ein durch die Gleichung 



40 



45 



A = - 40 C + 6 Si - 2 Mn - 4 Ni + Cr + 4 Mo + 2 W - 2 Cu - 30 N + 1 1 V + 10 Ti + 5 Nb 

festgelegter Wert A (der so berechnet wird, daB diejenigen der ausgewahlten Elemente, die nicht zugefugt sind, 
auf 0 gesetzt werden) nicht mehr als 1 0 betragt, und 
ein durch die Gleichung 

B = Cr + 3.3 Mo + 1 .65 W + Cu + 30 N 



50 



55 



festgelegter Wert B (wobei so berechnet wird, dafc diejenigen der ausgewahlten Elemente, die nicht zugefugt sind, 
0 gesetzt werden) nicht weniger als 20 betragt. 

2. Stahl nach Anspruch 1 , wobei der Ni-Gehalt mehr als 0.2 % aber nicht mehr als 1 .0 % betragt. 

3. Stahl nach Anspruch 1 , wobei der C-Gehalt im Bereich von 0,20 bis 0,35% und der Ni-Gehalt im Bereich von 0,3 
bis 0,75% liegt. 

4. Stahl nach einem der vorhergehenden Anspruche, wobei die Harte nach Abschrecken und Verguten nicht weniger 
als 50 HRC betragt. 
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5. Stahl nach einem der vorhergehenden Anspruche, wobei das elektrische LochfrafJpotential V c ' 100 in entgastem 
3,5%-igem Salzwasser bei 30 °C nicht weniger als 150 nV (vs S.C.E.) betragt. 

6. Stahl nach einem der vorhergehenden Anspruche, wobei die Harte nach einem Ausheizvorgang bei 700 bis 890 
5 °C nicht mehr als 250 HV betragt. 

Revendications 

10 1 . Acier inoxydable martensitique de haute durete ayant une bonne resistance a la corrosion par piqures, et constitue, 
en poids, par : 



15 



20 



25 



30 



c 


Plus de 0,15% mais pas plus de 0,40% 


Si 


Pas plus de 2,0% 


Mn 


Pas plus de 2,0% 


Cr 


Pas moins de 11 ,0% mais moins de 15,0% 


Mo ou Mo et W en termes de Mo + 1/2 W 


1,0 a 3,0% 


N 


0,02 a 0,15% 


Ni 


0,1 a 1,5% 


Cu 


Pas moins de 0,1 mais moins de 1 ,0% 


un premier element facultatif choisi parmi V, Ti, et Nb 


Pas plus de 0,25% au total 


un deuxieme element facultatif choisi parmi B, Mg, Ca et Al 


Pas plus de 0, 10% au total 


Co en tant que troisieme element facultatif 


Pas plus de 5% 


Fe et impuretes accidentelles 


Le reste 



dans iequel 

Ni et Cu satisfont a une relation representee par ['equation 



35 



Ni/Cu > 0,2, 



une valeur A definie par I'equation 



40 



A = - 40C + 6Si - 2Mn - 4Ni + Cr + 4Mo + 2W - 2Cu 
-30N + 11V+ 10Ti + 5Nb 



45 



(la valeur A etant calculee en fixant a zero ceux des elements choisis qui ne sont pas ajoutes) 
n'est pas superieure a 10, et 
une valeur B definie par I'equation 



B = Cr + 3,3Mo + 1 ,65W + Cu + 30N 

50 

(la valeur B etant calculee en fixant a zero ceux des elements choisis qui ne sont pas ajoutes) 
n'est pas inferieure a 20. 

2. Acier inoxydable selon la revendication 1 , dans Iequel la teneur en Ni est superieure a 0,2 % mais non superieure 
55 a 1,0%. 



3. Acier selon la revendication 1 , dans Iequel la teneur en C est dans la gamme de 0,20 a 0,35 %, et la teneur en Ni 
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est dans la gamme de 0,3 a 0,75 %. 

Acier selon Tune quelconque des revendications precedentes, dans lequel la durete apres refroidissement et trem- 
pe n'est pas inferieure a 50 HRC. 

Acier selon Tune quelconque des revendications precedentes, dans leque! le potentiel electrique d'amorcage de 
piqures V c '100 dans de I'eau salee a 3,5 % degazee a 30 °C n'est pas inferieur a 150 mV (par rapport a I'electrode 
standard au calomel S.C.E.). 

Acier selon i'une quelconque des revendications precedentes, dans lequel la durete apres une etape de recuit a 
700 a 890 °C n'est pas superieure a 250 HV. 
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